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Research Initiative
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NARA: Feedstock to Fuels

FOREST RESIDUES
PREPARATION

Primary feedstock targets include forest resi-
dues from logging and thinning operations.
We are also considering mill residues and dis-
carded woody material from construction and
demolition, in regions where these materials
are under utilized.
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TRANSPORTATION

Feedstocks are transported from the collection
site to a conversion facility. Chipping can take
place at the loading or in a preprocessing fa-
cility.

DIESEL

PRE-TREATMENT

Wood chips are treated to make the sugar
polymers (polysaccharides) accessible to de-
grading enzymes. These processes allow the
lignin to be available for separation.

HEAT, WATER,
& CHEMICALS

ENZYMATIC HYDROLYSIS

Specific enzymes are added to hydrolyze
(cleave) the polysaccharides and generate
simple sugars (monosaccharides).
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AND

FERMENTATION

Specialized yeast convert the monosaccha-
rides into isobutanol.
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BIOJET
& CO-PRODUCTS

Aviation fuels can be generated from the plat-
form molecules derived from wood sugars.
Lignin can be used to generate co-products
such as epoxies, structural materials and bio-
based plastics. As an alternative, lignin can be
burned to produce renewable energy.
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Isobutanol to Jet Fuel Demonstration T
Demonstration unit at South Hampton .
Resources, Silsbee, TX is fully functional

© 2012 Gevo, Inc.
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Sustainability Assessment

Environmental Economic Social
. Life Cycle Economic .
n- Sustainable A y . Analvsi Social & Market [
ssessmen nalysis
Feedstock y ______ Assessment
""""""""" uw TSI, Weyerhaeuser, T
Weyerhaeuser, OSU, UW Penn State, WSU,
UW, WSU Uldaho
Stakeholder Concerns
27%

20%

Soil Loss of Wildlife habitat
degradation nutrients issues
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Economic  Transportation Water quality
concerns issues
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Final Form for Deployment

Biomass Sourcing Model

Biorefinery Siting Methodology

ASPEN Process Model for Integrated Bio-refinery (IBR)
Life Cycle Assessment Model (LCA)

Community Impact Assessment (CIA)

Techno Economic Analysis (TEA)

Environmental Assessment Systems

SUSTAINABILITY ANALYSIS STATUS

READY TO SHARPEN THE PENCIL
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Industry Feeds Education
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GREENFIELDS GRAYFIELDS

Non-industrial sites Existing industrial sites Existing industrial sites

Wildlife habitats No assumed contamination Real or perceived contamination
Agricultural land Community blight Community blight

Resource land Human health hazard
Ecological value Owner liability
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Development Sites: Existing Assets Nov17, 2016 in Washington bC

BIE 0 e EQUIPMENT COMMUNITY

 Location, Infrastructure ~~~ Operating Companies Workforce housing ‘
Environmental permitting ~~ Infrastructure . s ‘ Cultural and public buildings
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Pacific Northwest (PNW)

Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Pacific Northwest, which includes Montana,
Idaho, Washington, and Oregon.

Mid-Cascades to Pacific (MC2P)
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as Mid-Cascades to Pacific, which includes the western
sections of Washington and Oregon.

Western Montana Corridor (WMC)
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Western Montana Corridor, which includes the
western section of Montana, Northern Idaho and northeast Washington.

Clearwater Basin
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Clearwater Basin, located in central Idaho.

NARA

Northwest Advanced Renewables Alliance




Volume I PRELIMINARY SCOPING

s




USDA NIFA Sustainable Bioenergy
Nov 17, 2016 in Washington DC

IPK

WOOD TO WING
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Production Partnerships
Feedstock Suppliers

Weyerhaeuser Corp (OR) Pretreatment
Confederated Salish and Andritz Corp
Kootenai Tribes (MT) ZeaChem y
Muckleshoot Tribe (WA)
Fermentation
Processing Partners ICM
Lane Forest Products (OR)
Forest Concepts (WA) Separation
Kevin Jump (MT) WhiteFox h

Bill Bass (WA)

Alcohol to Jet
South Hampton Refining -

NARA

Northwest Advanced Renewables Alliance




1K-IPK — Fuel Distribution and Demonstration

Fuel Certification
Alter Jet - ASTM D7566
Blending
Conv Jet — ASTM D1655
Distribution to Wing
Commercial Demonstration
Flight

Processing Partners
Gevo Corp

South Hampton Refining
Blending Partner
Alaska Airlines
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This material is based upon work supported by the National Institute for Food and Agriculture, U.S. Department of
Agriculture, under Award No. 2011-68005-30416.

Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and do not
necessarily reflect the view of the U.S. Department of Agriculture.




